ABSTRACT Broodiness is a polygenic trait controlled by a small number of autosomal genes. Vasoactive intestinal peptide receptor-1 (VIPR-1) gene could be a candidate of chicken broodiness, and its genomic variations and genetic effects on chicken broodiness traits were analyzed in this study. The partial cloning and sequencing of the VIPR-1 gene showed that the average nucleotide diversity was 0.00669 ± 0.00093 in Red Jungle Fowls (RJF), and 0.00582 ± 0.00026 in domestic chickens. One hundred twenty-eight variation sites were identified in the 11,136-bp region of the chicken VIPR-1 gene. Twenty variation sites were genotyped using PCR-RFLP or PCR method to analyze average diversity, linkage-disequilibrium pattern, and haplotype structure in RJF, Xinghua chickens, Ningdu Sanhuang chickens, Baier Huang chickens, and Leghorn Layers. The RJF, Xinghua, Ningdu Sanhuang,
INTRODUCTION
Broodiness is a polygenic trait controlled by a small number of autosomal genes (Romanov et al., 2002) . Recent studies had demonstrated that broodiness was not controlled by genes on the Z chromosome (Romanov et al., 2002; Jiang et al., 2005) . Although the incidence of broodiness in poultry can be effectively controlled by traditional breeding methods, its eradication is a slow process. With methods of molecular biology and development of genome research, genetics of poultry incubation behavior was studied at the molecular level recently.
To determine whether there are QTL associated with the nonbroody/broody phenotypes, Sharp (2004) genotyped 156 microsatellite markers spaced across the chicken genome in White Leghorn × Silkie cross. However, no major QTL for the broody trait were identified using such ©2008 Poultry Science Association Inc. Received December 4, 2007 . Accepted February 7, 2008 Corresponding author: xqzhang@scau.edu.cn 893 and Baier Huang exhibited distinct characteristic of decreasing r 2 value over physical distance. Haplotype analyses showed that some variation sites of the 27-kb region from exon 6 to exon 11 could be associated with broodiness. The distribution of genotypic and allelic frequencies, and heterozygosities in the above 5 populations showed that A−284G, A+457G, C+598T, D+19820I, C+37454T, C+42913T, and C+53327T might be associated with broodiness. The 7 sites and the other 4 sites were genotyped in 644 NDH individuals under cage condition and were used for association analyses between each site and chicken broodiness traits. A significant association (P < 0.05) was found between C+598T in intron 2 and broody frequency (%). Another significant association (P < 0.05) was found between C+53327T and duration of broodiness, in which allele C was positive for DB.
genome-wide scan approach. Because prolactin (PRL) plays an important role in incubation behavior of avians (Sharp et al., 1984; El Halawani et al., 1993) , PRL was thought to be an important candidate gene for broodiness. Previous studies showed that a 24-bp indel in the chicken PRL promoter region was associated with broodiness (Jiang et al., 2005; Liang et al., 2006) . In the past decade, almost all studies were focused on association of the PRL gene variation with broodiness, and few other genes were studied.
Vasoactive intestinal peptide (VIP) is a PRL-releasing factor in birds (El Halawani et al., 1990 , 1997 . Passive immunization with VIP antibodies terminated incubation behavior and reduced circulating PRL in incubating chickens (Sharp et al., 1989) . Active immunization of turkey hens against VIP resulted in inhibiting incubation behavior and increasing egg production (El Halawani et al., 1995 , 2000 . The effects of VIP are mediated through interaction with its specific receptor locating on the surface membranes of anterior pituitary cells in avian. The vasoactive intestinal peptide receptor-1 (VIPR-1) belongs to the class II subfamily of the 7-transmembrane G-protein-coupled receptors superfamily (Gaudin et al., 1998) . Like other family members, the VIPR-1 is a glycoprotein with a large hydrophilic extracellular N-terminus followed by 7 highly conserved hydrophobic transmembrane helices and a cytoplasmic C-terminus. The VIPR-1 gene was proved to be involved in the regulation of broodiness in avian with evidence of endocrine mechanism of broodiness and expression in vivo and in vitro Kansaku et al., 2001; You et al., 2001; Chaiseha et al., 2004) . The VIPR-1 gene was expressed throughout the hypothalamus and pituitary, major in pituitary, and only the differential mRNA expression of the VIPR-1 gene in the pituitary was associated with reproductive changes (Kansaku et al., 2001; You et al., 2001; Chaiseha et al., 2004) . These results suggested that the VIPR-1 gene might be associated with broodiness. In the present study, the VIPR-1 gene was selected to analyze its genetic effects on chicken broodiness traits as a candidate. Recently, avian VIPR-1 genes were cloned and functionally characterized in the chicken (Kansaku et al., 2001 ) and turkey (You et al., 2001 ). The chicken VIPR-1 gene, located on p3.2 of chromosome 2 (Kansaku et al., 2001) , spans 67,906 bp and is composed of 13 exons ranging in size from 45 to 1,031 bp. Domestication and breeding improvement are involved in the selection for specific alleles at genes controlling key morphological and desirable traits, resulting in reduced genetic diversity and increased linkage disequilibrium (LD) relative to unselected genes (Yamasaki et al., 2005) . It is not proven whether the chicken VIPR-1 gene endures stronger selection pressure during domestication and genetic improvement. The selection pressure on the VIPR-1 gene can be tested by studying genetic diversity of the VIPR-1 gene in chicken populations with different broodiness. Although previous studies had proven that the expression of the VIPR-1 gene in the transcriptional level was positively correlated with broodiness in chicken and turkey (Kansaku et al., 2001; You et al., 2001) , information on DNA variation effects on broody behavior is lacking.
The objective of the present study was to identify the VIPR-1 gene variations associated with chicken broodiness based on population genetics study and marker-trait association analyses in native population. In this study, polymorphisms of the chicken VIPR-1 gene were identified by cloning and sequencing method from the chickens with large phenotypic differences in broodiness. Genetic diversity of the chicken VIPR-1 gene was observed based on some of the above polymorphisms, and the association of the VIPR-1 gene variations with chicken broodiness was analyzed.
MATERIALS AND METHODS

Chicken Populations
Six chicken populations, Red Jungle Fowls (RJF), Taihe Silkie (TS), Xinghua chickens (XH), Gushi chickens (GS), White Recessive Rock broilers (WRR), and Leghorn Layers (LH) were used for identification of the VIPR-1 gene polymorphisms and average nucleotide diversity. The samples used for polymorphism identification included 24 individuals, 4 from each of the 6 populations.
A total of 364 birds from RJF (33), XH (97), Ningdu Sanhuang chickens (NDH, 96), Baier Huang chickens (BEH, 41), and LH (97), were randomly sampled and genotyped for average diversity, LD pattern, and haplotype structure analyses. The detailed information of the samples was showed in Table 1 . The XH, NDH, and WRR were from Guangdong Wens Foodstuff Corporation Ltd. (Guangdong, China), LH was from Likang Poultry Farm (Guangdong, China) .
A NDH population composed of 644 individuals was used for association analyses.
Observation for Broodiness Traits
All NDH female birds were placed into individual laying cages at 90 d of age, and their incubation behavior from 90 d to 300 d of age was observed and recorded at 1600 to 1700 h. All birds were pedigree wing-banded at hatch and were fed ad libitum to 77 d of age with 16.5% CP and 2,800 kcal of ME/kg, and then fed a corn-soy-bean-based diet with 15.0% CP and 2,900 kcal of ME/kg. All individuals were exposed to a continuous 24-h photoperiod during the first 2 d posthatch, and then changed to 16-h photoperiod, being maintained until 300 d of age.
Broody behaviors were recognized with the following aspects. Hens were found nesting a cage when the cage was being gently beaten. Hens exhibited stress, feather loosening, and lifting, shivering when they were gently beaten. The body temperature of hens increased. Hens showed aggressive or defensive behaviors, specific clucking, turning and retrieval of eggs, and lost their appetite. Hens also showed heavy, prominent, overhanging eyebrows, and lacked of luster throughout the head, comb, and wattles. The face of hens was wrinkled, and the features throughout are more or less masculine. Their reproductive organs were reduced in size, and the vent and whole abdominal region had a tendency to contract. The vent might be fairly large, but it became dry and was surrounded with prominent wrinkles. During the observed period, we found that broodiness was categorized into 2 types, typical broody and discontinuous broody. Typical broody was defined as hens with obvious consecutive broody behavior for more than 3 d and terminative broody days for more than 1 wk. Discontinuous broody was defined as hens exhibiting obvious broody behavior for less than 3 d and terminative broody days for less than 1 wk. Considering enough sample numbers in statistics, all hens with obvious consecutive broody behavior and discontinuous broody were considered as broodiness. The criterion for the end of broodiness was that the hen did not exhibit any broody behavior.
Broodiness traits were assigned to the 2 parameters, duration of broodiness (DB) and broody frequency (%). The DB was obtained by counting all the days that a hen became broody during the observation period. Broody frequency (%) was expressed as the percentage of the number of broody chickens to the total number of certain genotype. 
Primers and Selection of Candidate Markers
According to the published mRNA sequences (Genbank accession number: XM_418492) of the chicken VIPR-1 gene, and lately released chicken draft genome sequences (http://mgc.ucsc.edu/cgi-bin/hgBlat; accessed Mar. 2007), 11 pairs of primers were designed and synthesized for cloning (Table 2) .
The criterion of selected markers was followed the criterion of Xu et al. (2005) : (1) coding single nucleotide polymorphisms (SNP); (2) coding nonsynonymous SNP; (3) SNP at potential transcription factor binding sites; (4) SNP at a splicing site or near exons; (5) PCR-RFLP markers; (6) the average distance between 2 adjacent markers is 5 kb. Twenty candidate markers including 16 markers identified in the present study and 4 SNP [C+10593T in intron 2 (rs15863121), G+18805T in intron 2 (rs15863134), C+31332T in intron 3 (rs14127626), and C+42913T in intron 6 (rs15863161)] from dbSNP database (http://www.ncbi.n lm.nih.gov/entrez/query.fcgi?CMD=search&DB=snp; accessed Jan. 2006) were selected to be genotyped. Eighteen pairs of primers were designed and synthesized for the above SNP genotyping (Table 2) .
PCR Conditions
The PCR was performed in a 25-L mixture containing 50 ng of chicken genomic DNA, 1 × PCR buffer, 12.5 pmol of primers (P1 ∼ E13-2), 100 M of each dNTP, 1.5 mM MgCl 2 and 1.0 U Taq DNA polymerase (Sangon Biological Engineering Technology Company, Shanghai, China). PCR was run in a gradient Mastercycler (Eppendorf Limited, Hamburg, Germany) with the following conditions: 3 min at 94°C, followed by 35 cycles of 30 s at 94°C, 45 s at annealing temperature (57.6 to 64.9°C; Table 2), 1 min at 72°C, and a final extension of 5 to 10 min at 72°C.
SNP Identification
Amplified PCR products were purified and subcloned into the pMD18-T vector (TaKaRa Biotechnology Co., Ltd., Dalian, China). The DNA sequencing was performed using dye terminator chemistry on Applied Biosystem model 3700 sequencer by the dideoxy-mediated chain-termination method (Sanger et al., 1977) . The cloned sequences were analyzed by using the software DNASTAR V 3.0 (Steve ShearDown, 1998-2001 version reserved by DNASTAR Inc., Madison, WI).
Genotyping of the 20 Polymorphisms by PCR-RFLP
Genotypes of D+19820I were directly determined with 3% agarose gel electrophoresis for PCR product amplified by I2-4 primers. For the other polymorphisms, the PCR products were digested at 37°C overnight with Csp6 I, FspB I, Mbo I, Tai I, Hpa II, Mbi I, Hha I, Msp I, Taq I, Xap I, and Mva I, respectively. The digestion mixture contained 7-L PCR products, 1 × digestion buffer, and 3.0 U of each enzyme. Their genotypes were then determined in TFM-40 Ultraviolet Transilluminator (UVP Company, Cambridge, UK) after 2.0% agarose gel electrophoresis for 30 min.
Statistical Analyses
Estimation of the Nucleotide Diversity and Identification of the Chicken VIPR-1 Gene Polymorphisms. We used DnaSP4.10 (Rozas et al., 2003) to analyze patterns of polymorphism and divergence and to perform tests of neutrality on the basis of the allele frequency spectrum. The tests included Tajima's D (Tajima, 1989) and Fu and Li's D and F (Fu and Li, 1993) Location referred to covered regions. The first nucleotide of the translation start codon was designated +1, with the next upstream nucleotide being −1. Prediction of the Transcription Factor Binding Sites in the 5′ Flanking Region of the Chicken VIPR-1 Gene. Prediction of potential binding sites induced by the 5′-flanking region polymorphisms was completed by 2 bioinformatic Web sites (http://www.gene-regulation. com/pub/programs/alibaba2 and http://motif.genome .jp). The sites identified by the 2 Web sites were the same. All parameters were set following the Web site standards.
Linkage Disequilibrium and Haplotype Analyses. The Haploview version 3.32 software (http://www.broad. mit.edu/mpg/haploview/) was used to estimate the LD and infer haplotype block across the 20 polymorphisms. Genotypes of 364 random samples at the 20 polymorphisms were necessary for the application of Haploview. In each population, 2 loci were considered in LD (r 2 ≥ 0.33), in strongly LD (r 2 ≥ 0.6), in complete disequilibrium (r 2 = 1). The haplotype block was defined following the 4 gamete test (Wang et al., 2002) .
Allelic Frequency and Heterozygosity Calculation. Allelic frequencies and Nei's unbiased heterozygosity (Hz) based on the 20 polymorphisms in each population and in total were estimated using Microsatellite-Toolkit software (http://animalgenomics.ucd.ie/sdepark/ms-toolkit/). The Hardy-Weinberg equilibrium at each locus was assessed by simple χ 2 test. Genotypes distribution between the 2 unrelated chicken populations was tested using Mantel-Haenszel ChiSquare (SAS 8.1 FREQ; SAS Institute Inc., Cary, NC).
Marker-Trait Association Analyses. Association analyses of single polymorphism with DB were performed with SAS GLM procedure (SAS Institute Inc.), according to the following model:
where Y ij is an observation on the traits, is the overall population mean, G i is the fixed effect associated with the ith genotype, H j is the fixed effect of hatch, and E ij is the random error. Multiple comparisons were analyzed with least squares means. The values were considered significant at P ≤ 0.05 and presented as least squares means ± standard error means. The first nucleotide of the translation start codon was designated +1, with the next upstream nucleotide being −1; RJF = Red Jungle Fowls; XH = Xinghua chickens; NDH = Ningdu Sanhuang chickens; BEH = Baier Huang chickens; LH = Likang Leghorn Layers. (n): sample sizes. Hardy-Weinberg deviation at the level of 0.05 was highlighted by asterisks (*).
Comparisons between groups for frequency of the broodiness vs. nonbroodiness hens were made by a χ 2 test.
RESULTS
The Nucleotide Diversity of the Chicken VIPR-1 Gene
The average nucleotide diversity (π) calculated from the average number of pairwise difference was 0.00669 ± 0.00093 in RJF, and 0.00582 ± 0.00026 in domestic chickens. The π value of the chicken VIPR-1 gene in domestic chickens was lower 13.0% than that in RJF. Neutrality tests indicated that the D T , D FL , and F FL , values of domestic chickens were negative, and those of RJF were only slightly positive and close to zero. The D T , D FL , and F FL values were not significantly different between RJF and domestic chickens (Supplemental Table 1 ).
Polymorphisms of the Chicken VIPR-1 Gene
One hundred twenty-eight variation sites were found in the 11,136-bp region of the chicken VIPR-1 gene, including 109 SNP and 19 other variations (Supplemental Tables  2 and 3 ). In the chicken VIPR-1 gene, every 102 bp generated 1 SNP on average. Compared SNP density of each region, the 5′ flanking region had the highest variation rate, every 83 bp generated 1 SNP on average; and then the intron, every 93 bp generated 1 SNP on average. Three SNP in exon2, exon3, and exon6 were found in CDS of the VIPR-1 gene; one in exon2 (A+457G) altered the translated mature protein (Ser18Gly).
Prediction of Transcription Factor Binding Sites
Nine polymorphisms might make transcription factor binding sites disappear or change among 43 variation sites in the 5′ flanking region (Supplemental Table 4 ).
LD Pattern and Haplotype Structure
The RJF, XH, NDH, and BEH exhibited distinct characteristic of decreasing r 2 value over physical distance. The effective extent of LD in the above 4 populations was 1,912 bp, 1,123 bp, 1,190 bp, and 31,344 bp, respectively, and the effective extent of LD in LH could not be generated ( Figure  1 ). Haplotype analyses showed that the 27-kb region from exon 6 to exon 11 had some sites that were associated with broodiness ( Figure 2 ).
Allelic Frequencies and Hz
The allelic frequencies and Hz in the 5 populations were summarized in Tables 3 and 4 . The χ 2 testing for genotypes distribution between populations was summarized in Supplemental Table 5 . The above data suggested that A−284G, A+457G, C+598T, D+19820I, C+37454T, C+42913T, and C+53327T might be associated with broodiness.
Association of the VIPR-1 Gene Polymorphisms with Chicken Broodiness Traits
The larger variation was DB in the phenotypic performance in NDH population, in which the coefficients of variation were 185.11. Marker-trait association analyses showed that a significant association (P < 0.05) was found between C+598T in intron 2 and broody frequency (% ;  Table 5 ); a significant association (P < 0.05) was found between C+53327T and DB, allele C was positive for DB (Table 6) . No significant association of the other sites with any chicken broodiness traits was found (P > 0.05; Table  7 ). A suggestive association (0.05 < P < 0.1) was found between D+19820I and DB, and allele D rather than I was dominant for chicken broodiness.
DISCUSSION
The PRL appears to act centrally to initiate and maintain incubation behavior in birds. PRL secretion is controlled by VIP at the hypothalamus level and in part by VIP receptors at the pituitary level throughout the avian reproductive cycle (Chaiseha et al., 2004) . In the present study, we demonstrated that the VIPR-1 gene had endured stronger selection pressure during domestication and im- provement under chicken breeding, and its DNA variations were associated with chicken broodiness. The VIPR-1 gene can be acted as an MAS marker of reducing incidence of broodiness and improving egg production. During domestication and improvement, humans exercised extremely strong selective pressure on ancestral gene pools to achieve desired phenotypic characteristics. These beneficial phenotypes were therefore fixed in the founder population of domesticated species in a short time (Innan and Kim, 2004) . The domestication history of chickens is about 5,000 to 10,000 yr, and all kinds of domestic breeds had been developed during long domestication. Variations of chickens resulted from factors such as mutation, selection, migration, genetic drift, bottleneck, and effective population size (Fumihito et al., 1994; International Chicken Polymorphism Map Consortium, 2004) . In this study, the average genetic diversity π for the VIPR-1 gene was 0.00669 in RJF and 0.00582 in domestic chickens. The domestic ones showed lower nucleotide diversity than the wild- Values within a row with no common superscript differ significantly (P < 0.05) or highly significantly (P < 0.01). Number in parentheses showed the numbers of tested individuals of each genotype. type population. No significant deviations from neutrality were detected in the D and F-test. Although the test statistic provided little statistical support for selection in the VIPR-1 region, these statistics were known to have low power to detect selection and could be influenced by additional population genetic and demographic factors (Kreitman, 2000) . As descriptive statistics, however, the negative values in domestic chickens relative to RJF were consistent with the expectation of a selective sweep. The π value in RJF is inconsistent with a previous study, which showed that the π value was 0.0065 at autosomal loci (Sundström et al., 2004) , and that the genetic diversity in domestic chickens was 10.5% lower than that in this study, and was similar to that in RJF. This might be due to the fact that selection based on different aims could cause the fixation of benefit alleles. Rich polymorphisms were found in the chicken VIPR-1 gene. In the present study, the VIPR-1 gene was scanned in the length of 11,136 bp, and 128 polymorphisms were found. Only 3 SNP were located in the coding region, but 64 located in the intron, which showed that the sequences of the coding region was conservative (Cargill et al., 1999; International Chicken Polymorphism Map Consortium, 2004) . Mutation in transcriptional region and 5′ flanking region might cause the change of the expression at transcriptional level . Polymorphisms in the 5′ regulatory region of the VIPR-1 gene were rich, and these sites might play an important role in regulating the VIPR-1 gene transcription.
Not only the degree of LD was significantly different in different region of gene, but also different populations showed different patterns of pairwise LD (Stephens et al., 2001; Flint-Garcia et al., 2003; Palaisa et al., 2003; Jung et al., 2004; Nakamoto et al., 2006) . Selection during domestication and improvement could influence the LD level of a gene (Saunders et al., 2002 (Saunders et al., , 2005 Toomajian and Kreitman, 2002) , and selection aiming at alleles of structural gene could increase the LD level in the target gene region significantly (Clark et al., 2004) . Chicken displayed large phenotypic differences in broodiness. In Chinese native breeds, BEH chicken is known as a layer breed with lower incidence of broodiness by long-term selection to increase egg production during long domestication and improvement. The TS and XH chickens, selected for purification and rejuvenation to improve their productions and without selection for broodiness, are broiler breeds with 70 to 80% incidence of broodiness. The LH is an excellent layer breed without broodiness by systematic selection to increase egg production and to decrease broodiness during breeding. This study compared the effective extent of LD in BEH, which was selected against broodiness, with that of 3 other populations, which were never selected against broodiness; the former was 20 to 30 times the latter, and the effective extent of LD in LH, which was strongly selected against broodiness, could not be generated. In theory, LH had undergone long-term strong selection to minimize phenotypic expression of incubation behavior, and its diversity was the least. The extent of LD in LH should be bigger than that in native breeds. No effective extent of LD in LH was reasonable for the VIPR-1 gene region. The results of average diversity also showed that the diversity in BEH was the least among the 5 populations, as much as lower 22.32% than that in LH. The VIPR-1 gene in BEH might have endured stronger selection pressure during breeding for decreasing broodiness. The patterns of LD in this study were consistent with the patterns in maize (Tenaillon et al., 2001; Remington et al., 2001; Palaisa et al., 2003; Rafalski and Morgante, 2004) . The haplotype block analyses in the 5 populations proved it too. When a genomic region was subjected to a recent selective sweep, such a sweep would have resulted in a reduced variability at this locus only (Schlötterer, 2003) . In the 27-kb region from exon 6 to exon 11, with the selective pressure increasing against broodiness, the LD decayed more and more slowly, and the haplotype block was bigger and bigger. In the 5 populations, no haplotype block was developed as the LD decayed rapidly in RJF, which was not selected against broodiness, and the haplotype block was 27 kb in LH, which was selected strongly against broodiness, the same in BEH (Figure 2 ). Such result was consistent with the Remington et al. (2001) . We presumed that hitchhiking happened in the 27-kb region.
Genotype data of 364 random samples at the 20 polymorphisms provided information to investigate the genetic characterization of the chicken VIPR-1 gene. In this study, we found that among genotype distribution of the 20 poly- Broodiness (%) was expressed as the percentage of the number of broody chickens to the total number of certain genotype. NS = not significant (P > 0.05). morphisms in LH, only that of A+19928G was less different than that in others (Supplemental Table 5 ), which indirectly proved that LH was highly different from the Chinese breeds. Considering their genetic differences, we thought that BEH should be a better control population than LH to find markers associated with broodiness based on distribution and variation tendency of allelic and genotypic frequency, and genetic diversity in this study. Based on distribution and variation tendency of allelic and genotypic frequencies, there was significant difference for allelic frequencies and genotypic frequencies of the 6 polymorphisms, G−359T, A−284G, A+457G, C+598T, C+10593T, and C+37454T, among the populations with higher broodiness such as RJF, XH, and NDH and the populations with lower broodiness such as BEH. If the VIPR-1 gene endured stronger selection pressure during breeding against broodiness, these polymorphisms associated with this behavior should have a lower Hz. Based on the Hz values, 7 polymorphisms, A−284G, A+457G, C+598T, D+19820I, C+37454T, C+42913T, and C+53327T, might be associated with broodiness. Although distribution and variation tendency of allelic and genotypic frequencies of C+42913T and C+53327T were not significantly different among 5 populations, it was similar between BEH and LH that were selected against broodiness, for which we assumed the 2 SNP were associated with broodiness. Considered together, 7 interesting polymorphisms, A−284G, A+457G, C+598T, D+19820I, C+37454T, C+42913T, and C+53327T, might be associated with broodiness.
The objectives of the current study were to identify polymorphisms for incubation behavior within a biological candidate gene and to determine if these markers are associated with broodiness traits. Taken together, the above results suggest that some DNA variation in the VIPR-1 gene might be candidate markers associated with chicken broodiness traits. The variations are A−284G, A+457G, C+598T, D+19820I, C+37454T, C+42913T, and C+53327T, respectively, in which 6 were in the 5′ flanking region, in the intron, or both. Recently, functional elements were found in gene introns and that elements could regulate gene expression (Haddrill et al., 2005; Wang and Shashikant, 2007) . The association results showed that C+598T in intron 2 and C+53327T in intron 8 were associated with chicken broodiness.
Taken together, our findings provide valuable knowledge of the VIPR-1 gene endured stronger selection pressure during chicken domestication and improvement in part. The DNA variation in the VIPR-1 gene was associated with chicken broodiness. In conclusion, a total of 109 SNP and 19 other variations were identified in the chicken VIPR-1 gene, and C+598T and C+53327T were significantly associated with broodiness.
